INTRODUCTION
============

Cardiovascular disease (CVD) is the largest cause of morbidity and mortality in patients with type 2 diabetes mellitus (T2DM) \[[@B1]\]. Hypertension is a common comorbidity in patients with T2DM, and these two diseases are major risk factors for CVD \[[@B2]\]. In T2DM, hypertension often initiates and accelerates the progression of macrovascular events by increasing arterial stiffness, which results in the aggravation of ventricular afterload and the impairment of coronary perfusion \[[@B3],[@B4]\]. Increased arterial stiffness was recently reported to be a powerful and independent risk factor for early mortality, and presented more clinical prognostic value than previously known CVD risk factors such as age, gender, smoking, and dyslipidemia \[[@B5]\]. Therefore, the measurement of arterial stiffness and the control of other risk factors would be important strategies for the prevention and early treatment of cardiovascular events.

Angiotensin II receptor blockers (ARBs) have been shown to have a beneficial effect on angiopathy resulting from hypertension and impaired glucose metabolism. ARBs are regarded as first-line treatment for T2DM with hypertension and some studies have reported an effect of the blockade of the renin-angiotensin-aldosterone system (RAAS) on arterial stiffness in T2DM and hypertension \[[@B6]-[@B8]\]. However, the effect of ARBs on arterial stiffness, as well as the mechanism and related factors, are poorly understood in T2DM with hypertension. Valsartan is an angiotensin II type 1 (AT1) receptor blocker that has antihypertensive effects. To examine the effect of the ARB valsartan on arterial stiffness and related parameters in T2DM with hypertension, we analyzed the changes in central aortic waveforms and aortic pulse wave velocity (PWV) after treatment with valsartan for 12 weeks.

METHODS
=======

Research setting and study population
-------------------------------------

Our study population included patients between 30 and 75 years of age who had T2DM and who visited one of three centers from February 2006 to February 2008. Patients with a \<10-year recorded history of T2DM diagnosed according to the American Diabetes Association criteria, a verified body mass index (BMI) between 20 and 30 kg/m^2^, and a verified Hemoglobin A1c (HbA1c) level between 6.5% and 10% were eligible for this study. Eligibility criteria also included mild to moderate hypertension as defined by the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure, i.e., brachial systolic blood pressure (SBP) of 140 to 160 mm Hg and diastolic blood pressure (DBP) of 90 to 100 mm Hg. Exclusion criteria included a history of ischemic heart disease in the preceding 3 months, biochemical evidence of renal impairment (creatinine \>1.5 mg/dL), liver enzyme levels more than three times the normal limits, and pregnancy or nursing at the time of the study. Additional exclusion criteria included the concomitant use of medications such as ACE inhibitors or other ARBs at entry and the use of insulin or antidiabetic drugs such as thiazolidinedione or metformin in the preceding 3 months. A total of 107 Korean subjects were recruited for this study. After nine subjects withdrew, 98 subjects (41 men and 57 women) were available for analysis.

Study design
------------

This study was a multi-centre, open label, controlled study to investigate the short-term effect of a 12-week treatment with valsartan on arterial stiffness in T2DM with hypertension. Patients receiving other antihypertensive agents for systolic hypertension were permitted to enter the trial after a 2-week wash-out of the drug and hypertension was controlled by valsartan thereafter. Arterial blood pressure was measured in the right arm using a mercury sphygmomanometer, three times under resting conditions in the morning by a selected physician, and the mean values were calculated for this study. All study subjects underwent anthropometric measurements, including height, weight, and BMI, as well as blood chemistry analysis, including fasting blood glucose, HbA1c, insulin, BUN, creatinine, and uric acid levels; liver function tests; and lipid profiles. An estimate of insulin resistance was obtained by homeostasis model assessment of insulin resistance (HOMA-IR), which was calculated using the following formula: fasting insulin (mU/L)×fasting glucose (mmol/L)/22.5. The central aortic waveform was measured using pulse wave analysis by applanation tonometry (Sphygmocor; AtCor Medical Inc., Sydney, Australia) in all study subjects, and aortic PWV measurements were taken in 47 of the study subjects.

After the screening examination, all participants received an initial daily dose of 80 mg of valsartan. After 4 weeks, the valsartan dose was increased to 160 mg/day for 8 weeks. All subjects were advised to consume their usual diet and medications other than valsartan were not changed during the study. Basic assessment, blood sampling, and central aortic waveform measurement were evaluated before and after the 12-week administration. Aortic PWV was measured in 47 randomly selected among subjects who measured pulse wave analysis (PWA). To evaluate the factors contributing to the improvement of PWV with valsartan administration, these patients were divided into two groups: one group in which PWV decreased and the other in which PWV did not decrease. The Ethics Committee of each hospital approved this study protocol, and informed consent was obtained from all subjects.

Measurement of arterial stiffness
---------------------------------

Central aortic waveform measurements were made using pulse wave analysis by applanation tonometry (Sphygmocor). Radial artery pressure waveforms were obtained from the wrist using a tonometer, and a corresponding central waveform was generated with a validated generalized transfer function, using the Sphygmocor. The Sphygmocor generates ascending aortic pressure waveforms from the radial pulse and provides substantially equivalent values of aortic systolic, pulse, mean, and diastolic pressures \[[@B9]\]. The integrated Sphygmocor software was used to determine the augmentation index (AIx), which is a composite measure of systemic arterial stiffness and wave-reflection amplitude, as well as the ejection duration (ED) and subendocardial viability ratio (SEVR). The aortic (carotid to femoral) PWV and relevant transient times were measured noninvasively by tonometry, using the Sphygmocor system as mentioned above. For each subject, the distance travelled by the pulse wave between the carotid-femoral arteries was measured in a straight line. The investigators who performed the measurements had been fully trained in the technique of applanation tonometry. The precision of the method was determined by the interobserver and intraobserver variabilities, which were 0.93 and 0.95, respectively, for AIx and 0.9 and 0.9 for PWV.

Statistical analysis
--------------------

Treatment-related changes in parameters were analyzed using a Wilcoxon test. We analyzed the relationship between the change in arterial stiffness and changes in other parameters using Spearman\'s correlation test. Continuous values are expressed as means±standard deviation (SD). A *P* value of less than 0.05 was considered statistically significant. Statistical analysis was performed using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

A total of 98 (41 men and 57 women) patients were eligible for analysis in the study. The demographic characteristics of the patients and the alterations in their clinical and laboratory parameters are shown in [Table 1](#T1){ref-type="table"}. In the central aortic waveform analysis, aortic pulse pressure (44.4±8.5 vs. 38.9±10.2 mm Hg, *P*\<0.05) and AIx (29.5±7.4% vs. 27.8±7.9%, *P*\<0.05) were significantly decreased after valsartan treatment without increase of heart rate. However, the SEVR and ED did not change significantly ([Table 2](#T2){ref-type="table"}). At the end of the 12-week treatment, there were significant decreases in SBP (148.6±5.7 vs. 132.3±13.0 mm Hg, *P*\<0.001) and DBP (91.4±2.7 vs. 81.2±10.1 mm Hg, *P*\<0.001) ([Table 3](#T3){ref-type="table"}). There were no observed changes in the levels of total cholesterol, triglycerides, low density lipoprotein cholesterol, high density lipoprotein cholesterol, fasting glucose, HbA1c, and HOMA-IR ([Table 3](#T3){ref-type="table"}). The change in SBP correlated only with the decreases in AIx (*P*\<0.01) and aortic pulse pressure (*P*\<0.01) (data not shown).

In a subgroup analysis of the 47 patients with measured PWV, the mean aortic PWV was significantly decreased (10.9±1.1 vs. 10.0±1.2 m/sec, *P*\<0.05) without a change in heart rate after valsartan treatment ([Table 2](#T2){ref-type="table"}). Among the baseline parameters, there were significant differences in the levels of fasting blood glucose (138.2±34.7 vs. 163.7±39.9 mg/dL) and HbA1c (7.1±1.0% vs. 8.6±1.1%) between the two groups (*P*\<0.05). The change in mean arterial pressure was not different between the two groups.

In logistic regression analysis, HbA1c was the only independent factor associated with aortic PWV improvement (hazard ratio, 2.638; *P*\<0.05) ([Table 4](#T4){ref-type="table"}). Patients with improved PWV presented significantly better blood glucose levels at baseline compared to those with no PWV improvement.

DISCUSSION
==========

Hypertension and T2DM are major risk factors for cardiovascular disease, and the degree of atherosclerosis can be determined by measuring arterial stiffness. The detection of arterial stiffness and the control of risk factors are becoming important strategies in the prevention and early treatment of cardiovascular events. Arterial stiffness can be assessed by the simple, validated, and reproducible technique of applanation tonometry, which noninvasively measures PWA and PWV \[[@B10]\]. This study demonstrated that valsartan reduced central hemodynamic parameters, AIx and aortic pulse pressure. These findings are consistent with those of previous reports that ARBs reduce arterial stiffness \[[@B6]-[@B8]\]. Central blood pressure and AIx, a composite measure of systemic arterial stiffness, can be assessed with PWA of the radial artery waveform. The pressure wave can reflect the status of the peripheral vasculature, i.e., branching, resistance, stenosis, and return towards the heart. When vessels are stiffened, the returned wave may add to the ejection pressure. In addition, the late systolic augmentation of the central pressure waveform is associated with an increased left ventricular mass index. Therefore, an increased AIx is associated with coronary artery disease. Increased stiffness of the aorta and large arteries leads to an increase in the pulse pressure, through a reduction in arterial compliance, and a premature return of reflected waves in late systole, which increases the load on the ventricle and the myocardial oxygen demand \[[@B11]\]. In our study, SEVR and ED were not changed after valsartan administration. These results could be explained by the results of previous studies showing that the mean aortic pressure and pulse pressure did not contribute to the SEVR and ED \[[@B12],[@B13]\]. No changes were observed in glucose metabolism, insulin resistance or lipid profiles after valsartan administration. Valsartan reduced systolic and diastolic blood pressures, but only the alteration of SBP was correlated with the changes in central hemodynamic parameters showing arterial stiffness in this study.

Aortic PWV is a one of the well-validated parameters of central arterial stiffness and generalized atherosclerosis \[[@B14]\]. Moreover, it is considered an independent predictor for cardiovascular morbidity and mortality in subjects with T2DM \[[@B15]\]. In our data, aortic PWV was also reduced by valsartan treatment. It could be a passive effect of the reduction of mean arterial pressure by 12 mm Hg after valsartan treatment (data not shown). However, in some patients of our study, a lack of reduction in aortic PWV was shown in state of decline in central blood pressure. Our results suggest that baseline glucose control status is associated with modulation of arterial stiffness by valsartan. Although one possible mechanism by which valsartan decreases arterial stiffness is via a decrease in blood pressure, ARBs modulate arterial stiffness independently of the brachial, central BP lowering and of the passive effect of pressure on arterial elastic properties \[[@B7]\]. Therefore, ARBs may act on arterial stiffness by other mechanisms.

Among local hormone factors associated with the modification of the arterial wall, angiotensin II may play an important role through the AT1 receptor, because it induces proliferation of vascular smooth muscle cells and increases collagen synthesis by fibroblasts \[[@B16],[@B17]\]. Angiotensin II contributes to cell injury, endothelial dysfunction, and vascular toxicity and fibrosis \[[@B18],[@B19]\]. It also mediates the accumulation and activation of inflammatory cells, and an increase in vascular permeability, which results in premature vascular complications \[[@B20]\]. Therefore, ARB reverses these changes in the vascular wall and may improve the stiffness.

In patients with T2DM, over-activation of the RAAS occurs and affects cardiovascular homeostasis. Owing to the inhibition of the RAAS, ACE inhibitors and ARBs may have greater cardio-protective benefits in T2DM patients \[[@B21]-[@B23]\]. ARBs can reduce the negative influence of angiotensin II on the endothelium, with subsequent improvement of arterial elasticity. Other advantageous aspects of ARBs are a reduction in oxidative stress, expression of proinflammatory vascular cell adhesion molecules and stimulation of adipogenesis, leading to improved glucose transport \[[@B24],[@B25]\].

Patients with both diabetes and hypertension have higher arterial stiffness than those with diabetes or hypertension alone \[[@B26]\]. In patients with both diseases, angiotensin II receptor blockade is expected to play a more important role in protection against cardiovascular disease, by improving arterial stiffness. Few previous reports regarding T2DM with hypertension have focused on the effect of ARBs on arterial stiffness and related parameters \[[@B7],[@B26],[@B27]\]. Our findings that valsartan significantly reduces arterial stiffness as demonstrated be estimation of PWA and PWV in T2DM patients with hypertension, was based on observational findings during a relatively short period, of 12 weeks. Moreover, baseline glucose control status is associated with modulation of arterial stiffness by valsartan, i.e., with better diabetes control, valsartan treatment will be more effective for treating T2DM patients with hypertension. A previous study analyzing the effects of T2DM with hypertension on the arterial wall has reported a highly significant correlation between PWV and the fasting glucose level, among the various risk factors \[[@B26]\]. The mechanism by which arterial stiffness is increased in diabetes is largely unknown. However, one possible mechanism is related to changes in elastin and collagen within the walls. Therefore, hyperglycemia due to diabetes is thought to affect atherosclerosis of large arteries, and promote the formation of advanced glycation end-products in the arterial wall \[[@B26]\]. Advanced glycation end-products are believed to cause the cross-linking of collagen molecules, leading to a loss of collagen elasticity and a subsequent increase in arterial stiffness \[[@B28]\]. Chronic hyperglycaemia and hyperinsulinaemia also increase local RAAS activity and the expression of the AT1 receptor in vascular tissue, promoting development of wall hypertrophy and fibrosis \[[@B29]\]. Low-grade inflammation and endothelial dysfunction may partly explain the increase in arterial stiffness related to diabetes \[[@B30]\]. In this regard, concomitant blood glucose control and treatment with ARBs are expected to induce favorable cardio-protective effects in this population. Such treatments would be recommended in the early stages of diabetes and hypertension, before vascular modulation has progressed.

Our study has some limitations. First, there was no control group treated with another class of anti-hypertensive drug. We can not establish whether valsartan reduced arterial stiffness independently of its blood pressure lowering effect. Second, the failure of valsartan to improve arterial stiffness in patients with uncontrolled diabetes was not completely understood. We suggest that the vascular changes over the 12-week treatment period may be insufficient to positively affect arterial stiffness under conditions in which glucose is uncontrolled. The changes in aortic PWV were supposed to be influenced by long term pressure-dependent vascular structure changes. The differential impact of ARB on aortic PWV could not be reflected sufficiently because of the short-term period of this study. Nevertheless, this study is one of very few studies, especially in Asian people, evaluating the effect of ARB on arterial stiffness and related parameters in T2DM with hypertension. Further investigations will elucidate the mechanism by which the glucose control status affects arterial stiffness after valsartan treatment.

In conclusion, this study shows that treatment with the ARB, valsartan, improved arterial stiffness over a relatively short treatment period of 12 weeks in T2DM patients with hypertension. The fasting glucose and HbA1c levels are independently associated with PWV improvement attributable to the action of valsartan. Valsartan may be useful for delaying and reducing the influence of cardiovascular risk factors on arterial stiffness in high-risk patients such as those with T2DM with hypertension.
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###### 

Baseline characteristics of the study subjects
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Continuous parameters are presented as mean±standard deviation.

PWV, pulse wave velocity; DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, haemoglobin A1c; HDL-C, high density lipoprotein cholesterol; HOMA IR, homeostasis model assessment of insulin resistance; LDL-C, low density lipoprotein cholesterol.
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Changes in central hemodynamic parameters and PWV from baseline to week 12
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Continuous parameters are presented as mean±standard deviation.

PWV, pulse wave velocity.
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Change in anthropometric parameters after valsartan treatment
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Continuous parameters are presented as mean±standard deviation.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, haemoglobin A1c; HDL-C, high density lipoprotein cholesterol; HOMA IR, homeostasis model assessment of insulin resistance; LDL-C, low density lipoprotein cholesterol.
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The relationship between baseline parameters and PWV alteration after valsartan treatment
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PWV, pulse wave velocity; HR, hazard ratio; DM, diabetes mellitus; BMI, body mass index; HbA1c, haemoglobin A1c; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure.

^a^Multivariate analysis was performed using binary logistic regression model with \'Forward: LR\' method, ^b^The HR is predictive risk for \'no decrease of PWV value\' in the case of an increase in the HbA1c level, and the accuracy rate of classification is 78.3% (95% CI, 1.447 to 4.810).
